A valid solution for micro-analytical systems is the selection of a compatible 10
Introduction 29
The development of effective detection methods for pathogenic microorganisms covers 30 several areas, such as food safety, environmental monitoring and clinical diagnostics. 31
Microbiological methods are replaced with those based on DNA, where amplification 32 with polymerase chain reaction (PCR) is the most widespread approach. For instance, 33 automation of DNA amplification enables the use of portable microdevices, 34 multiplexing, reduced sample volumes and reagents, and prevents contamination risks 35 4 each primer (Table S- Furthermore, RPA is a sequence-specific amplification method that requires the design 214 of primers, similarly to PCR, to control product properties or selectivity. The initial 215 experiments showed that the distance between the forward and reverse primers had a 216 major effect on amplification yield. Therefore, product length varied, and the forward 217 primer specific to Salmonella changed, while the rest of the reaction conditions 218 remained constant. Figure 1C shows the number of copies which lowered with product 219 length, but the reaction rate increased. These results were interpreted according to the 220 RPA mechanism (Piepenburg, et al. 2006 ) and polymerase processivity; i.e., 221 measurement of the global number of nucleotides added per time unit (Zhuang, 2010) . 222 A short product involves cutting the time that proteins are bound to the DNA compared 223 to the proteins that are free in the solution, and the total number of nucleotides 224 incorporated lowers. However, template replication finished early and, consequently, 225 the exponential amplification was favoured, and the number of copies for the target 226 sequences increased. It is worth mentioning that this effect is important for isothermal 227 methods because processivity in PCR can be controlled by changing the elongation step 228 time. 229 8 RPA specificity was checked at different levels. Firstly, an alignment against closely 230 related species was performed by the Blastn software (NBCI databank). The forward 231 primer of Salmonella, used to amplify the 100-bp product, was rejected because it 232 aligned against other pathogens, such as Escherichia, Shigella and Photorhabdus. The 233 set of specific oligonucleotides to the 152-bp product for Salmonella spp. and the 190-234 bp product for Cronobacter spp. were selected for the duplex amplification method. 235
Secondly, the analysis of pure bacterial cultures, listed in Table S-2, was satisfactorily  236 done and provided negative amplification results for the non-target pathogens. 237
In the MDA reaction, a non-primer design was necessary because phi29 polymerase 238 combined with a random hexamer randomly amplified the whole genome (massive 239 amplification method). The mechanism involved strand displacement DNA synthesis on 240 single-and double-strand DNA templates by primer annealing at multiple sites. 241 Therefore, the amplification yield depended mainly on primer concentration, primer 242 nature, temperature and reaction time. Reproducible results were obtained for hexamer 243 concentrations under 50 mol/L, which was the optimum value ( Figure 2A ). The 244 primers resistant to the exonuclease activity of phi29 polymerase (the thiophosphate 245 linkage for two 3' terminal nucleotides) provided good efficiencies as compared to the 246 exo-sensitive primers (non-internal modification). The results also indicated that phi29 247 polymerase was less tolerant to temperature fluctuations because the number of copies 248 changed according to the working temperature ( Figure 2B ). Finally, the reaction time 249 study showed that a stationary phase was reached after 270 min. Therefore, the best 250 yield, 9.810 4 in genomic units, was reached at 35.50.5ºC for 4.5 h. 251
The results of both duplex methods were comparable to single pathogen approaches, 252 and amplification yields were highly reproducible (variation < 5%). Low liquid 253 evaporation and gas-bubble formation were observed at working temperatures. Thus 254 these amplification methods are technically simpler for miniaturised systems, and are 255 less sensitive to temperature fluctuations than PCR. 256 1000 copies/mL. However, very few described approaches are quantitative methods and 284 they have not been applied as real multiplex approaches, such as microarray platforms. 285
By way of example of a simple portable detection system, the combination of 286 isothermal amplification with compact disc technology was firstly studied. The results 287 indicated that this analytical platform and the detector were highly compatible with 288 isothermal amplification approaches because no further DNA product treatment, for 289 example purification, was required. A duplex assay to simultaneously detect Salmonella 290 spp. and Cronobacter spp. was also easily implemented in a microarray format on a 291 DVD surface following the protocols described in previous studies (Tortajada-Genaro et 292 al., 2012). The positive and negative controls were included to guarantee the reliability 293 of the pathogen analysis. 294
The results were compared to those obtained with the PCR-based method, and showed a 295 good correlation between the amount of DNA and the optical signal. Thus, the LODs 296 for Salmonella spp. were 17-32 copies/mL for PCR, 10-48 copies/mL for RPA and 7-31 297 copies/mL for MDA (Table 1) . Although the amplification factor of MDA was lower 298 than RPA, the LODs were similar in the microarraying format, probably because of the 299 amplification mechanism. In RPA, denaturation was performed by a mixture of 300 enzymes and polymerisation generated double-strand DNA (Piepenburg et al., 2006) . 301
Amplification by the MDA method involved strand displacement DNA synthesis on 302 templates (Dean et al., 2002) . Then the formation of single-stranded regions during 303 multibranched polymerisation should increase the hybridisation yield. Intra-day 304 reproducibility was lower than 8.5% for PCR, and below 12.5% for RPA and MDA. 305
Inter-day reproducibility ranged from 6.3% to 16.8%. The analytical performances 306 obtained with both amplification methods, without an enrichment culture, were similar, 307 or better, than those obtained by RT-PCR, glass microarrays or traditional 308 microbiological methods. 309 310
Milk sample analysis 311
It is well-known that some enzymes used for amplification are not compatible with the 312 specific substances present in the sample matrix, which diminishes their activity and, 313 subsequently, assay sensitivity (Wilson, 1997) . For this reason, resistance to inhibition 314 for the three studied amplification approaches was assessed in milk samples (Table 2) . 315
The RPA method amplified even in presence of 15-25% of milk, while the MDA 316 method provided less tolerance to the matrix (14-16%). Moreover, all the studied 317 amplification methods showed similar inhibitions to those caused by Ca 2+ , where 6.3-318 7.2 mmol/L was the maximum concentration tolerated. This inhibitory effect has been 319 previously reported for PCR (Al-Soud, & Rådström, 1998), but has never been 320 described in isothermal polymerases. 321
Powdered infant formulas and skimmed milk were spiked with Salmonella spp. and 322
Cronobacter spp. (0 to 410 4 CFU/mL). Non-inoculated milks were negative, whereas 323 all the inoculated samples were positive, and a correlation between pathogen amount 324 and optical intensities was found (Figure 4) . The obtained recovery levels were in good 325 agreement with the spiked concentration in all cases (Table 3) temperature if compared to other isothermal reactions (e.g., LAMP at 60ºC). The results 338 reveal that the studied amplification methods offer portability or cost-effectiveness 339 without compromising analytical performance, tolerance to inhibitors or price per assay. 340
Nevertheless, some properties, such as short times or lack of a post-amplification 341 protocol, indicate RPA has a higher potential than the MDA method for point-of-need 342 applications. MDA is also an interesting method for high-multiplexing determination 343
because RPA, such as PCR, is limited by a restrictive primer design and to a small 344 number of targets (<10 genes). 345
A duplex system using these isothermal amplifications is firstly proposed. This study 346 also demonstrates that the integration of nucleic acid amplification and detection into 347 analytical devices, such as compact discs (bio-recognition and reading), is technically 348 possible and allows high-throughput analyses. Therefore, the low-cost detection of 349 different targets in parallel and minimal manipulation comes closer to such approaches. 
